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q  HU3IANICS is the scientific study of human nature. 
It tells somctiiing 0C our past tratlilions tflat the Tvortl is 
an unfamiliar one; Ijut the subject it describes is inevi- 
tably caught u, in the recent rush of fxogrcss in espcri- 
mental f)iology. In particular, dramatic advances in oui 
knotvleclge of Lhe 1,iochemistry of cleos)ribonucleir acid 
(DA%) ad 01 its function as tlic material basis oi 

heredity have f~rovoked much new speculation about 
the application of this new knowledge to man ant1 his 
problems. As a result of these advances, we anticifxlte 
better tools to mitigate disease, to improve a~griculture. 
and to exploit niicroor ganisnis in industry. 

We must also 1,isualire, however, the impact of genetic 
engineering on liuni;inics, which incfutfes the pos5ible 
modification of huiunn nature toward previously unat- 
tainable ideals. Phrases like “ genetic programming” 01 

“genetic engineering” may conjure up the Frankenstein- 
ian image of a matf scientist or a Lechnocratic dictatot 
pushing the buttons that will control an assembly line 
of babies fxoduced to order for service as infantrymen 
or storm Lroopers or docile subjects. Some may even 
imagine tflat their own genes may somehow be sub- 
jected Lo alteraLion at someone else’s commantl 01 
that they will have unlimited 0pLions to create any 
manner of offspring tlley wish-perhaps a child ~~110 
might grolv up as xi athletic prodigy wit11 an IQ 01 
350 and a head of hair that automatically shears itself 
at regular intervals. 

Actually, our present knowledge of genetic science is 
not the obvious limiting factor for the furtherance of 
Such aims. Ilarher, we lack the necessary insight into the 
essential biochemistry. rlevcfopniental l;iology, ps~~cl~olo- 
gy, anrf social dynamics of these l~l~eiioniena. =\ntl in- 
deed, were we to gain sl~cli insight, genetic engineering 
would profxil)ly be ;I retfuntlant tool in compeLition 
with many 0Lher ways of influencing fi~mian tfe~elop- 
ment and bchn~~ior. To avoid the distorted view of 
genetic engineering that is all too prevalent in con- 
temporq journaliani, tlie topic must be esatnitieil with- 
in a broader \.iew Or man’s e\.oiuLionary ilistory and of 
the impact 0r estnl~lislietl ili5LiLuLions on human biolog). 

Genetic engineering flas been an inlportant element 
in human cultural f>rogress. The fxgirinings of agricul- 
ture cfepentleti on tfw remarkable inaigllt that the seeds 
of a given pixit woultl beget otliers like il. Earl) 
agricultin21 mtii, in his development of crops like 
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Indian corn ant1 wheat, accomf~iishetl technical niira- 
cles tflat have sLil1 Lo be swlx~ssetl by conleml~orar~ 
plant science. This kind of “l~iological engineering” 
-to produce reliable food crofts from wild grasses- 
aciiicvetf a plienonien:il result xvitliout the IJenefiL of 
profound in5igliL into the mechanism ol heredity or 
the chemistry of DNA. 

TVe have no way of knor\.in g \t.lietlier prehistoric man 
consciously apf~iiecl similar fxinciplcs to guiding his 
own evolution by selective breeding. In many suhliii- 
man primate5 tfle social hierarchy [foes give a dominant 
male privileged access to receptive females during Llieir 
interval5 of maximum fertility. \t’ith the tlevelofmient 
of tiemocratic itleal5, fiowe\,er, tlie very concept of com- 
fxilsory seleclivc fwxcliti, (7 as a method of eligineering 
human improvement has been tliscrctiited as a viola- 
tion of elementary human riglirs. 

Tile principal utility of genetics in modern mecficine 
is in diagnosis, now al~f~lic;tl~le to many specific genetic 
diseases wit11 g-reaL precision, mainly by tlie use of bio- 
chemical and microscof,ic n~eLl~ocls. It is oitrii po55ible 
to counsel fxlrents in a family where a rare disease ha5 
cropped up about the prosfxcts 0E a similar anonial) 
occurring again in future children. Since many parents 
will respond to discouraging atfvicc by not taking 
chances, this kind of genetic counseling is it (1~’ furto 

form of selective breeding. Its principal benefit, liow- 
ever, is intended to promote the integrity of the family 
and to prevent the conception 0E children likely to 
suffer from a serious defect. A by-product of genetic 
counseling in tfiis situation is to reduce the irequenq 
0E defective genes in the next generation. 

Because certain deleterious genes also can be tle- 
tected in the hybrid carrier state, some individuals inn) 
use tfiis information in their selection ol m;lLes. AS 
yet, \vf have no reliable statistical informatioli on Lhe 
subject, but it is doubtful that any sig-nificanL number 
of people take genetic factors into accounL I\hen the) 
fall in love and niarr). 

From a population-genetic point of view, 5electil.e 
mating does not help to eliminate a tleletcrious gene 
from tfie population; it mere]), postpones the overt 
occurrence of delcctive offspring. Since lurure genera- 
tions may well be better equipped 10 repair :I genetic 
delect than we are ;iL Llie fxesent time, selective mating 
can hardly be called an inipriidenc policy. (Trtw pngc) 

Doctor Lederberg, chairman of the Department of Genetics, Stanford 

University, won the 1958 Nobel prize in medicine for studies on the 

organization of genetic material in bacteria. His writings include 

significant observations on genetics, chemistry, and the evolution of 

man. But thece is controversy among scientists over the outlook 

for genetic engineering in humans. For another view, see “George 

Beadle Talks About the New Genetics,“ TODAY’S HEALTH, July 1969. 

This article is condensed from the 1970 Britannica Yearbook of 

Science and the Future 0 1969 by Encyclopaedia Britannica. 



VIRUS PAFTICLE 

Ditryaul r/e~l,ic~s Inan’s lal~oralory nccotttf~lislr~~totts in gee- 
HetIc ettgiltcwittg. Fo~lowi7tg tlnltm’s lend, ntolecttln,- Dial- 
ogisls can trnttsplattt 0 .segtttenl of DAY,4 it710 n 6nrletYttrn nntl 
char~ge ils geftctic cottsliltctiott. The ptocess of lt-attstlt~tion 
ilfiflf n n~~1t~t711 7~irus (lo13 row) occuts cotttttz0ttly in fet-lain 
hinds of Dncler.ia. It requires the aid of a bacletinl uit-ns, which 
tlisplnces certairt genes irt Dnctetinl D,Y.-1. Itt /he kboratoty, 
trattstlttctiott with a syttthelic vit-trs is accontplisltecl 6y wing 
enzyme fo atlatll desired bit of DLVA lo special cctuier vims. 
Iiesnlli77g synthetic vitxs thett infects n bacteri2(7)1, tmzsfer- 

tittg previottsly incot$ornfed D.\‘rl into Ihe viuts (Dottom row). 

The genetic diseases to which such considerations 
apply are each quite rare, hit there are enough of them 
to warrant the spreading practice of genetic diagnosis 
in order to furnish significant information to 3 consid- 
erable proportion of the population. The average hu- 
man being carries the equivalent of eight or 10 poten- 
tially harmful genetic defects. all of which are usdly 
mnsked in the lI~I>ritl condition. Altllough most of 
these tlcfects are not now recogniznble by biochemical 
analysis, studies of DSA specificity and of cell fusion 
are beginning to revolutionize our approach to these 
problems. 

Cell cultures from specimens of blood or from tiny 
fragments of skin have enhanced the diagnosis of many 
genetic diseases. Alore recently, this technique has also 
been applied to cells ohined from the amniotic fiitici 
that SLUTOLIII~S the developing fetus. By this method 
the occurrence of a serious genetic disease in n young 

fetus can be tli;2gnosetl, ant1 the mother may quest a 
therapeutic abortion to avoid bearing a severely crip- 
pleti or ret;uxlctl child. [In many states, this rccjiiest can- 
not be gixn ted legally.] 

A number of genetic diseases can now be detected 
prenatnlly. Of tlww cystic fihosis, a metnbolic disorder 
in children, is the most prc~derit. Its incidence, how- 
ever, is too rare to recommend the routine esdminntion 
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of amniotic fluid in every pqnalicy. On the other hand, 
the carrier state for cystic fibrosis can also be tleter- 
mined in the parents, anti fetal csnniination r~~ould he 
inclicntetl if there is nlredy one chance in four that the 
fetus may be diseased. 

T\:hile the elimination of fetuses having this serious 
genetic tiisense may appcnr to 1x2 n ncgati\.c npproacli, 
this procedure sllodcl bc weighed against the assur- 
:ince that can be given parents of being able to nurture 
a child free from disease on future attempts. Even- 
tually, a better m~tlerstnntling 0E the bioclicmistry of 
cystic fibrosis may lead to methods of treatment so ef- 
fective that the disease wodd no longer be a serious 
burden to the young child. 

In many respects, mongolism, or DONX’S syndrome, 
is more serious tlian cystic fibrosis because of its severe 
mental retardation. Prenatal csxnination can reveal 
tile extra chromosome that causes tile condition. Down’s 
syndrome occurs in one of about 600 birtlu, but certain 
inrlividunls haye a cliron~oson~e pattern Illat prerlis- 
poses them to a much higher frequency of :tfllicted prog- 
eny. For such mothers, anti mothers uitll pregnancies 
at advanccci ages, ;I prenatal cs:iiiiinntion of fetal cells 
is especiall), inciic;itetl. 

Pxxtloxicnlly, ntldition:ll conceptions undertaken to 
compens3te for xi eliniin;itetl fetus will tend to increase 



ZXCHANGt. 

EXCtiAN(;l 

Progress in Cellular Engineering 
While genetic engineering someday may have 

revolutionary effects on medicine-and on man- 
kind-another type of “biological engineering” is 
already saving lives. 

Called cellular engineering, it is a technique in 
which the bone marrow of one person is trans- 
planted into another. Today it is being used to 
treat patients with certain hereditary defects, 
such as Wiskott-Aldrich syndrome and Iympho- 
penic agammaglobulinemia. Infants with one of 
these rare immunologic deficiency diseases (the 
inability to resist infections) have been injected 
with marrow ceils “borrowed” from members of 
their families. When the transplanted bone mar- 
row (the organ which manufactures disease-fight- 
ing corpuscles) “takes,” it provides their bodies 
with the ability to protect themselves. 

In cellular engineering, whole cells are trans- 
planted. In genetic programming, on the other 
hand, scientists must deal with the DNA molecule 
within the chromosome within the nucleus of the 
cell. Partly because of this, many experts feet that 
cellular engineering may produce more immedi- 
ate results in humans than genetic engineering. 

But its future is by no means assured. Even 
with recently developed tissue-typing methods. 
there have been marrow transplant failures be- 
cause of rejection. Further research into cell com- 
patibility is needed. So far. cells from immediate 
family members have been used in most success- 
ful transplants. Research continues using aonors 
outside the family. 

In addition, no one knows what the long-term 
effects of cellular engineering will be. Only about 
a dozen of these operations have been successful. 
The longest living bone marrow transplant pa- 
tients have survived slightly more than one year. 
But the early results seem encouraging. 

“We are at the threshold of cellular engineer- 
ing,” observes Dr. Robert A. Good, professor of 
pediatrics and microbiology, University of Minne- 
sota. “If we can cross this threshold, we will be 
able to attack many other diseases.” 

In addition to various birth defect diseases. fu- 
ture targets of cellular engineering include cer- 
tain types of cancer-chiefly leukemia-with 
associated immunologic deficiencies, liver and 
kidney diseases. and some types of inborn errors 
of metabolism. Some limited successes in leu- 
kemia research already have been achieved. 

“There are many problems that must be solved 
first,” Doctor Good acknowledges. “But the chal- 
lenges of the future are exciting.” 
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Genetic Engineering 

The l)r;litl. in its gw\vtll. mu51 Ix 5tt11- 

jcc-t to some explicit regttl;~tioti lrom c’x- 

terii;tl stilriitli. Tlii6 is ;iii tlr,yctit item 011 

the liumatii&t’5 ;~g-etltla. T\‘c ~iectl pov- 

erfd tOd5 t0 thl, 011 the OIIC’ htd. 

Ivith oh\ iou tlcfrcts that ~1‘) out t0 1~ 

corrected :intl. 0~1 the other, Icitlr the 

lwssible rtiliariceme~it 01 I~umxti ititel- 

lectual dbilitv. The (lojest pi-allel to 

tllis ill present pr;lcLite is tile cai-c tll;tt 

physici;lns take to Ix sure tllat pregnxnt 

motlierr do not suffer from tliyroitl tle- 

ficiency. 

Aiio~lier ;i1)pro;icli to tlir motlilic;rtion 

d 211 cst;tl~li5l~ctl gciictic m;thfxp is t11r 

tr;~llsplanr;ltion of the tissue 01 o~-g;i~k 

from :11~0tllcr intli\ itlu;tl. I\‘IICII tile ill- 

tlication (Or such ;I tralisplnnt is 2 f;iilinx 

hc;lrt Or kitlney, ob\.iOusly the 01wr;ltioii 

is not ;I comlxnwtioil for ;I genetic tlc- 

kt. ‘1’1~ timsage i5 clfxrcr. Iio\vever. 

WllCll the intlic;trioli is ;I ,llet;rl,oli- 

c-ally iiisufllc icnt p;i~~cre;is-say di;tl)ctec. 

tllo~l~l~ tlte primary lcsioll mav be else- 

wllere--or ;I col~gct~ital clcfidierlc\ iI1 

sonic other elltlorrinc glx11d. 

I<xcept for ;I cdcul;~tetl choice Of 

p:tretki ;i,yc. illtclli:q:ent tlc\i:;i1 plays ;I 
limirctl I-ale in tolltl-ollilig tllc genetic 

m,~kv~~p d 311 illtli\ itlil;ll. III microor- 

g:,,,,sn,s. llob.e\cr, it is 110w pOkl)lc t0 

1 iott iii :I tfllt(ll ~nol-(a cont~~ullcd I:l\lkiOn. 

l$tlt 5LicIl esl)vi-imeiits still It;t\e cotisitl- 

erablc t.iittlom com~~~~ict~th 21~1 uru~llv 

it i\ not possible to ‘instruct Otle particu- 

lar cell 10 atlO1)t :I specific 11eb. ge~iotype. 

~~~~~~~~~~~ n hge Irum~~cI~ d teams ;tTc ex- 

pnsul to IIS.-\ tli;tt Iixs IKCII contri\xxl 

to Il;r\e the tlcsirctl cli;,,-~tcteristic,. One 

ou, d the m;,,,y cells *nay i,,corporate 

tlte foreiql DS.4 :~ntl rvitli it home new 

cll:ir:tc-tcl-istic. .lllc 0ccxsiOn:tl cell tlint 

re~po11d5 iit the ;ippropri:,tc f;bliiOn can 

t11en be 5cpir;ttctl It-om tlic other cells. 

‘I-he great force or recent wet-k in ,l,o- 

lecul~~r I,iolOgy stems from the use of 

rel:ttiI ely siml)le cr~~eriment:rl nxttcrials, 

5ucll :is I it use\ :rlitl Ixtctcri:t. ‘I‘lic direct 

m;~~~ipl;itioi~ or i~itlivitlti;il genes witltin 

the cl1tomoso1i1e~ ill cell\ of lii$ier Or- 

,g;tl1irm\. Ilo\\-e\ cr. I”-escrlts formitl~tl~le 

;11d pOssil,ly iniupet-:tblc tetlltlical cliffi- 

cultiei. Sewr~l~clcs~. we ~211 fore>ee the 

uxe 01 virutcs to metli;ite the trxnsmis- 

sion 01 specific ,gerietic i,,lot-,ll;ttio,l. 

Co,,te,npol-;,ry work with ailim;tl 

1 iruses I)\ ;i iliimlxl d scieliti\ts now 

stl-otigly suggests that tliex \ il-u\rs may 

aI\0 Ix c;ip;~blc Of ilit!-0tlLtcillg gaictic 

illlot-nldtiorl ill tile ccl15 that tliey itlfect. 

1;0r c~:~t~ple. ~IIC SW10 \,irrts d tttort- 

kc!s. wliitli :I\ l;ir as is knowit is linrtn- 

1~ itI utdt1. IGII es ;I numlxr d copies of 

its IIS.\ ~C~IICIIC~~ in the clit-0m050mcs 

Of ~~11s infecte(l in tiswc ~ultu~-e. This 

suggests tfl:it x.ir:tl IIS.\ can he engi- 

iiecrctl ;rutl tli:it svtltlietic I irtiws cati Ix 

UKYI for tile motlifc;rliott d genetic tle- 

rccts. 
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The projcctd design for the use of 
more carcfulfy cnginecred vii-uses to 
generate sfxcific cI17ymcs 5110~~s ;II, ob- 
Gous fxir;~llcl to this IoIrg-cst;~l~lisl~ctI 
medical pi-occdurc. 

This al)f~roacf1 10 genetic cllgiIleeritIg 
also 112s lllc ;~d~:~Iit;~,~:c th;tt, iII all likcli- 
hood, 111c genetic inform;Ition carried by 
such Yiruscs is not incorporated in the 
SC’S cells far transmissioii to tlie iiext 
gcIIcmti0II. This is a purely cIlIl)iric;Il 
olxcrlxtion. To be sure 01 kecpitlg fu- 

ture options 0fxI1, the limitxtiolr of 
virogcnctic cffcct to somatic tissues nIu%L 
be carefully \erifictl iii c\ery cxw. 

At this writing. only one import;tnt 
technical tfifliculty remains-that of at- 
taching specific segments 0E IIS.\ from 
totally irIIrclntei1 sources. I-fowcvcr, cn- 
zymcs tliscovcrerl in 1968 for rejoiuing 
1)X,\ molecules brokcII in j&t one 
strand arc ;~frcndy being used 3s cssen- 
tial rcagclits in rcsc;~rc.li. 

The thwrcticnf possibility of viroycn- 
ic attachment to cl~romosomcs ant1 prop- _ 
agation to further gentr:ltioIls c311not Ix 
~~mf~l~t~ly determined without cmpiri- 
al study. If we (10 not keep ;I 1 igifxnt 
lookout on the clfccts of viruses--whcth- 
er used for vaccination against tliscasc. 
for genetic rrpair, or as illrectious ;Igents 
in our environment--we may Ix in for 
some unplensxnt surfxiscs. 

Bccausc the use nl viruses for vaccinn- 
tiorr purposes has not been gcnerall! 
associated with the alarms of “genetic 
engineering,” these agents do not IT- 

ceivc the close attentioil hey descrw in 

view of tfIeir biofogic;tl l)oWntinlities. 
At the xwy least, l+-uses usctl for tacci- 
nation should be chemic~illy purifictl 
and ithtiCicd 3~ having only the one 
desired species oi IIN;1 or KS:\ (rib 
nucleic a&f). Tftis stnndartl fI;ls not yet 
been adopted by the pflnrm;iccutical in- 
dustry, nor 1x1s it been inclutlctl in tfle 
regulations etiCorcct1 by go\~ernmeIits. 

The cxtraortfinnry sfxcificity of fxlir- 
ing by the tw0 strands of ;I DSA mole- 

cule has opened the !v:iy for stutlyiiig 

biological specificity, maiilly IIy tnalccu- 
lar hybridiz;ition. T‘lic specific reagent 
in these csperitnents is ;I .solutioII of 
DNA single sIrands fnqxircd from ref- 
erence tnatcrial. For sonic purposes. this 
1)X.4 may be incorpotxtctl iIit0 ;I cul- 
ture medium of solitl agar or ;ctt;ichctl t0 
thC SlIJ$;tCC Of fi[tCl’ IWX~l1JJ-;~llCS. \\‘flCll 

csnctly c0niplemcnt~u.y 5tr:rtIds af IIS.\, 
or sometimes KS.\. arc :~drletl. c011~~ctt- 
tiowl tlo~~ble-str;~~~~f~~l 1).X.-\ structures 
will 1~2 rc-fonlictl ;11it1 c 211 lx rlrtcctcd 
by ;I varicly or tliltcrcnt mt:tllotls. Some 
of thcw tnctflods arc so scnsiii\c that it 
mny be f)os~il)le to tlisccrtt cvcn siilgfc 
ntIclcotitlc tlifTcrcticcs betvw2II R rcfcr- 
cncc mt[ ml irttktiowti in ;t sample. 

Tl1c5c l)I-ocv(luIw will. I~t~tloul~tctlly. 
be inslrunict~r;il for tlw isol.ltioll 01 spc- 
cific-gene I)S:\. ati objccti\c~ wflirli fins 
;tlre:itly Ijce~t ;i(fIicvcxl to ;I limitctl cs- 
tent. 3Jolecul:lr li~bi-irli/;~lioII ;1150 fur- 
llishcs 2 method of rlistirlguishing from 
cnclt other tlIc nIcs~en:;cr-KSAs PI-O- 
tlucctl IJv different cells. 

Otllcl- ;ttl\;Lntcs iii cell biology hn!c 
opci~cd up 50nic ~itlditionaf terhnic:il 
possibilities for tlIc exxion of genetic 
5tr:imbliIig that Jlow iIl!.lil-i;~l~ly illLOI11- 

panics scsu:~l I-cf)rocluction. ‘J‘lle f)rol);t- 
gntion of new plants fl-on1 cuttings is 2 
f;inlifi;tr cspericncc in horticulture. 111 
lorvcr ;ilIiIii;ils sucli :is earthwoI-1~~5. \qe- 
tati\x I-cprotluc.tion is a common occur- 
JTncc; tnissinq oJ-g;rJls can rc,gcJlcr;ite 
s[‘Ollt”llcOll”ly iu rmall Irngmcnts cut 
from the pI-e\,ious ititli~itlu:tl. Dcepet 
insights iIIt0 the niecli;~nisIn~ ol this 
embryolo:;icnl dc~el0pInetit could Ic:rtl 
to similar plienomcti;i, cvcn iII man. 
But these arc remote prospects indcetl. 

Croufx 01 iIldividn:~fs dcriwtl by \.cg- 
ctntive propqntion and h:i\,ing identic:il 
gcnctic rotistitutions arc cxllctl “cl0Ilcs.” 
‘Tlic p1-obpect of f>roduciIlg gcnetic;ill~ 
homogeneous groups of indi~~idunls fxe- 
scnts some intcrestitlg issues. In ildtli- 
tion, it is 2 b2y of propagating ;I gcno- 
type alrcntly tested in one geiirration 
for furtlicr trial in ;I sccontl. \\‘c :iIreatly 

have a iOrCtilStC of the propertics of :I 
rlonc in the Ix[l;t~ior of idcntiral twins. 

Clonnl profx~gation ~voultl irfford ;lt~ 

othrrwisc un;~~~~~il;tblc of>portu~~ity f01 
certain humanic esfxrimcnts. ~Vithout 
such tests it is unlikely that wc will cwt 
be ;il,le lo know the extent to xvllich the 
pcrlormance of ;Icknor~~letl~ctI geniuses 
or athletic stus in-c maIiiiest~ItioIis ol 
unusual gcnetic endowment. 

The technical limitation to hum;rn 
cloning is mainly the mucfi smaller six 
of mamm;ili;iII eggs when comfxuwl 
\vith the egg UC ;I frog, but this is not 211 
insupcrablc difficulty. There may bc, 
IloicctYtr, other ol,stacJcs bawd on difCcl-- 
cnrcs in the biology of the frog egg ant1 
that of the hnm:in Ihat arc not yet 
LtKOKVIL 

\\‘itliin the last few )‘cxs. it Itxs Ivxn 
disco~~eretl thxt tissue cells c31i be Inatlc 
to Cusc rvitli one ;inotlIcl. iI tile f)rcscItcc 
ol ccrtxin virus-deritctf l~;irticlcs. ‘I‘hac 
~~11s thus form “\qet~ti\c flybritls” that 
c;i*I originate from such Ivitlrly tlistiiict 
sfxcics 3s fish :ind hum;tt~. Tllc technique 
has alrcxtly I~ecoinc cluitc imp0rt:ilit in 
tlic :tIt:il!G5 of tlic genetic futictiotls car- 
I,ictf by tlilTercnt fliJul;tJ~ cIIt0nIowIncs, 
Ic.hicli C;III Iw tested for tllcir ;il>ility to 
m:tke up for kuo\\.n dclccts itI otlw 
atlimal tells. 

\‘cgct;iti\v2 lI)lII-i(fi/:itioIi :rntI the use 
of the llyl~J-id tells lo t-ctlltcIC;ltc a11 egg 

open the door to anotfw f’orni of gc- 

111-t ii el7giIleering-l~~~l;l id plants or ani- 
nu:ils cotltainillg 5omc or in;iny cfnxm~o- 
sL\incs 11.onl tlisl:lI~t species. 

~\‘hcIr \vc :1f)pw:icfI fullct ions as com- 
f~l,:s 2s hum;Iti intclligencc 2nd 5) tnpa- 
t1k.c. w must Ix cluitr I~un~l~lc ;rboul our 
c:rf,;tcity to u~tr;~wf the coItiponents of 
fwrctlity ;rntl eIiviI-otlmciit. Ccl-tnilily. 
th~~rc is t10 gene that an ensure the 

i(llTll dc\-do[m~eJlt of ;I child’s br;Iin 
xvitfiout rcferclicc to lender c:trc and in- 
SJ~~JXX~ teaclling. ‘1‘11~ l);lths to intelli- 
gc2;w can he tlc~i;~tctl :it iIi.Iny f)oitit5. 
For cs;rmf~lc, the rhiltl born tlcaf TV:IS, 
fez nil pracLica1 purl2oscs, an idiot until 
xvc Icar~tcd the Fpecixl techniqnes nced- 
1x1 to tenth him. 

3‘hcse cotisidcr:ilioIis 5uggcst that the 
ma in role ol gcnctic bc ieiIce may he to 
sh::~-1x11 fx7ccf~tions of 1101~ to enginea 
the en\~ironmcnt for the 0ptiInum tlc- 
~~2h~lmicIit of csistialg genetic tyfxs. 
iVI~.cri KVC have reached soinc m:~.tcry of 

this Cllil1lCIl~C. TVC CFtIl IllOK! re:isoIi:il$ 
atlx0c;lte the cstcIisioII of gcttctic cngi- 
IIVC.T~II~ bc~ond the repair of the most 
obvious and urgent forms of gcnelic 

tlefcc t. ESD 


